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(54) Fluid transfer interface 

(57) An apparatus for connecting.fluid f lowlines to a 
floating vessel. The apparatus connprlses a floating 
transfer structure supporting a plurality of fluid pipelines. 
A piuralltyofflexiblefiuid conduits (2) each haveaprox- 
imal end attached to the transfer structure in fluid com- 
munication with the pipelines and a distal end attached 



to a common connector (4) for releasably engaging with 
the floating vessel. The connector has a longitudinal ax- 
Is which is substantially vertical in use, and is secured 
to a manipulator means (7) mounted on the transfer 
structure. The manipulator means is configured to allow 
the connector to rotate and to translate in two mutually 
perpendicular planes. 
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Description 

[0001] The present invention relates to apparatus for 
transferring fluid between two structures, for example 
two floating vessels, or a fixed offshore structure and a 
vessel, in open sea. 

[0002] Transferring fluids, particularly of a cryogenic 
product, between two floating vessels, or a fixed off- 
shore structure and a vessel, is a difficult and hazardous 
operation when perfonmed in open sea. Various rigid 
loading systems have been proposed for transferring 
fluid using fixed anns through which rigid articulated 
pipes are routed. However, these systems are generally 
intended for the transfer of fluid between vessels at shel- 
tered inshore moorings. When operating offshore, the 
relative motions and displacements between two float- 
ing vessels, typically a production or storage vessel and 
a receiving vessel, are much greater. Subjecting known 
rigid loading systems to the loads imposed under such 
open sea conditions significantly reduces their working 
life. 

[0003] An alternative to a rigid loading system may be 
achieved by using flexible lines. Flexible lines afford 
much better manoeuvrability than rigid articulated pipes, 
but they are inherently more difftoult to handle. The use 
of flexible lines for connections between vessels is 
known in the art, but invariably the connections between 
a production or storage vessel and the manifold of a re- 
ceiving vessel (typically a tanker) must be made with the 
use of external wires and winches. Carrying out connec- 
tions in this way under open sea conditions poses sig- 
nificant difficulties. Furthenmore, it is generally the case 
that connection of each flexible line must be made indi- 
vidually. Control over the flexible lines, of which there 
are usually a minimum of three. In an emergency dis- 
connection situation is therefore severely hindered. 

![0004] Accordingly, the present invention provides 
apparatus for connecting fluid flowlines to a floating ves- 
sel, comprising a floating transfer structure supporting 
a plurality of fluid pipelines, a plurality of flexible fluid 
conduits, each with a proximal end attached to the trans- 
fer structure In fluid communication with the pipelines 
and a distal end attached to a common connector for 
releasabty engaging with the floating vessel, the con- 
riector having a longitudinal axis which Is substantially 
vertical In use, and wherein the connector is secured to 
a manipulator means mounted on the transfer structure, 
the manipulator means configured to allow the connec- 
tor to rotate and to translate in two mutually perpendic- 
ular planes. 

[0005] In a preferred embodiment, the manipulator 
means comprises a support tower extending upwardly 
from floating transfer structure, an arm projecting later- 
ally from the tower, and a suspension member attached 
to the distal end of the ami and to which the connector 
is mounted. 

[0006] Preferably, in use, the amri is rotatable relative 
to the tower about a substantially vertical axis and Is ex- 



tendable and retractable In a substantially horizontal 
plane. 

[0007] Additionally, the suspension member, or part 
thereof, is preferably extendible and retractable and ro- 
5 tatabte about its longitudinal axis. 

[0008] Conveniently, the suspension member is 
joined to the arm by a joint allowing rotation about two 
mutually perpendicular axes. 

[0009] In addition, the connector may be joined to the 

10 suspension member by a joint allowing rotation about 
two mutually perpendicular axes. 
[0010] Furthermore, the connector Is rotatable about 
its longitudinal axis relative to the suspension member 
by means incorporated in the connector. 

IS [0011] Advantageously, the connector comprises a 
coupling device suspended therefrom by a winch mech- 
anism operable to lower to the coupling device into en- 
gagement with the vessel and subsequently to pull the 
connector into engagement with the vessel. 

20 [0012] Preferably, the connector also comprises an 
aperture extending transversely therethrough and slide- 
ably receiving rigid end pieces attached to the distal 
ends of the flexible fluid conduits, wherein the end piec- 
\ es are reieasably connectable to the vessel to allow fluid 

25 Lqoyy from the flexible conduits to the vessel. 
^n^O"' 3] The rigid end pieces may include valve means 
to shut off fluid flow. 

[0014] The invention will now be described in detail, 
. by way. of example only, with reference to the accompa- 
30 nylng drawings In which: 

Figure 1 is a schematic diagram of a system for 
transfemng fluid from a production or storage ves- 
sel via a rigid transfer ami to a receiving vessel in 
35 accordance with a first embodiment of the Inven- 
tion; and 

Figure 2 is an enlarged schematic view of the con- 
nection point between the apparatus of Figure 1 and 
. the receiving vessel. 

40 

[0015] Figure 1 shows the loading system 20 of the 
present invention, supported by a rigid transfer arm 1 , 
and docked with a receiving vessel 5. The rigid transfer 
arm 1 , the end elevation of which is shown in Figure 1 , 

^ enables fluid transfer to take place between the two ves- 
sels moored at a safe distance from each other. 
[0016] The rigid transfer arm 1 is a submerged struc- 
ture, for example of the type described in GB 23281 96. 
It Is typically of space frame construction, made up of 

so hollow elements through which fluid flow lines, usually 
rigid articulated steel pipes, are routed. At its first end 
(not shown), there are means for attaching the rigid arm 
1 to a structure such as a production or storage vessel. 
At its second end, floatation means are provided to sup- 

ss port the rigid transfer ami 1 underwater and In a sub- 
stantially horizontal orientation , supporting the weight of 
the arm 1 and the flexible loading system 20. 
[001 7] The rigid transfer arm 1 may be attached to the 
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stern of the production/storage vessel. It is of sufficient 
length such that when the receiving vessel 5 is moored 
at the desired safe distance from, and aligned with, the 
production/storage vessel, the rigid transfer ann 1 is ori- 
ented in a substantially parallel direction to both vessels, 
and the loading system 20 Is located generally adjacent 
to the midship region of the receiving vessel 5. To retain 
the correct orientation of the rigid transfer arm 1 , to pre- 
vent collision or separation between the rigid transfer 
arm 1 and the vessel 5, the rigid transfer anm 1 may be 
equipped with one or more thrusters remotely controlled 
via a position monitoring system. 
[001 8] Before commencement of fluid transfer the rig- 
id transfer arm 1 must be docked with the receiving ves- 
sel 5. In the present invention the connection is two fold. 
A first structural connection is made using a structural 
connector 4 supported from the flexible loading system 
20. A second fluid connection is made between flexible 
hoses described below and rigid connection points 22 
disposed on the receiving vessel 5. 
[0019] The flexible loading system 20 consists of a 
generally vertical support tower 3 and a manipulator arm 
7. The tower 3 is mounted on the rigid arm 1 and extends 
up above the water tine to a height which will be well 
above the deck of the receiving vessel 5. The manipu- 
lator arm 7 extends generally horizontally from the upper 
region of the tower 3. 

[0020] The proximal end of the ann 7 is attached via 
a shoulder 21 to the tower 3, allowing rotation of theamn 
7 about a first substantially vertical axis 8a. The manip- 
ulator arm 7 is extendable and retractable in a generally 
horizontal direction shown by arrows 9, by means of two 
telescopic sections 7a,7b. 

[0021] A joint 1 0 allowing rotation about two generally 
horizontal axes is provided at the distal end of the arm 
7 for connecting the arm 7 to a suspension member 11 
which extends downwardly. The suspension member 1 1 
Is preferably a hydraulic or pneumatic cylinder, allowing 
it to extend and contract in a generally vertical direction. 
[0022] A structural connector 4, for connection to the 
receiving vessel 5 at a coupler 1 5 (described further be- 
low), is attached to the lower end of the suspension 
member 11 , preferably by another joint 12 which allows 
rotation about two generally horizontal axes. In addition 
the connector 4 Is able to rotate to some extent, typically 
through a total range of about 60 degrees, about a sec- 
ond generally vertical axis 8b. This rotation may be im- 
plemented by means Incorporated within the body of the 
connector. 

[0023] A plurality of generally parallel flexible hoses 2 
are suspended between the tower 3 and the structural 
connector 4 such that they assume a catenary form. 
These hoses 2 are In fluid communication with the rigid 
flow lines running through the submerged transfer amn 
1. 

[0024] The purpose of the manipulator ami 7 is to ma- 
noeuvre the structural connector 4 and hence the flexi- 
ble hoses 2 Into a suitable position for connection with 



the receiving vessel 5. 

[0025] Due to the structure of the manipulator ann 7 
described above, the connector 4 Is able to rotate in a 
horizontal plane about the first vertical axis 8a, and 
5 translate in a horizontal plane in the direction of arrow 
9, relative to the tower 3. 

[0026] Due to the suspension member 11 and joints 
10,12, the connector 4 is able to rotate in a horizontal 
plane about the second vertical axis 8b and translate in 

10 a vertical plane along the axis 8b. In addition, the joint 
1 0 allows the suspension member 1 1 to rotate about two 
horizontal axes relative to the amn 7. Similarly, the joint 
12 allows the connector 4 to rotate about two horizontal 
axes relative to the suspension member 11 . 

IS [0027] This provides significant freedom of movement 
to the connector 4 relative to the tower 3, to facilitate 
connection to the receiving vessel 5. 
[0028] Figure 2 shows the structural connector 4, the 
flexible hoses 2 and a corresponding fixed coupler 15 

20 mounted on the receiving vessel 5, in greater detail. The 
fixed coupler 15 is preferably generally frusto-conical in 
shape, the wide end of the cone positioned uppermost 
in order to guide the connector 4 into place. The con- 
nector 4 is tapered towards its lower end to locate within 

25 the fixed coupler 1 5. 

[0029] To facilitate connection of the connector 4 to 
the fixed coupler 15, the connector 4 preferably utilises 
a remote connection device. The device comprises a 
winch 14, a wire 26 and a deployable coupler 27 at- 

30 tached to the end of the wire 26. Connection between 
the deployable coupler 27 and the fixed coupler 15 and 
subsequent retraction of the wire 26 by the winch 1 4 en- 
ables the stmctural connector 4 to be pulled in to the 
fixed coupler 15. The actual connection between the 

35 connector 4 and the fixed coupler 15 may be made by 
any suitable means. 

[0030] The connector 4 includes one or more gener- 
ally transverse openings 28 to receive and support the 
ends of the flexible hoses 2. Each flexible hose 2 has at 
^0 its distal end a spool piece 6, which passes through the 

opening 28. 

[0031] Once a structural connection has been made 
between the flexible loading system 20 and the receiv- 
ing vessel 5, by means of the connector 4 and fixed cou- 

^5 pier 15. a fluid connection can be made between the 
flexible hoses 2 and the receiving vessel 5. In particular, 
each of the spool pieces 6 attached to the flexible hoses 
2 can be slid axlally through the opening 28 in the struc- 
tural connector 4 and this allows the flexible hoses 2 to 

50 be brought Into contact with corresponding rigid connec- 
tion points 22 disposed on the receiving vessel 5. 
[0032] In this example, each spool piece 6 can be slid 
through opening 28 for about 300-500mm in a direction 
along Its axis towards the rigid connection points 22 on 

55 the receiving vessel 5. When the spool pieces 6 and the 
connection points 22 are aligned, the end faces 23 of 
the spool pieces 6 are mated with the corresponding fac- 
es 24 of the connection points 22 on the receiving vessel 
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5. However, should the spool pieces 6 be out of line with 
the rigid connection points 22 the connector 4 can rotate 
as described above to align the end faces 23 and the 
connector faces 24 of the receiving vessel 5. 
[0033] Dual shut-off valves 16 may be provided on 
both connection points 22,25 to reduce the risk of lealc- 
age of fluid from at tfte end faces 23,24. 
[0034] The procedure for disconnecting the flexible 
hoses 2 from the vessel 5 and for disconnecting the 
structural connector 4 from the fixed coupler 15 takes 
place in the reverse order to the connection procedure. 
[0035] Preferably the loading system 20 incorporates 
rotational and translational position sensors in order to 
detemiine the position of the various parts of the system 
relative to the receiving vessel 5 at all times to ensure 
that the system 20 is operating within allowable param- 
eters. 

[0036] It will be appreciated from the foregoing de- 
scription that the invention provides an improved fluid 
transfer interface. In particular, the connection operation 
is simplified by combining all the flexible hoses into a 
single structural connector, yet maintaining the Individ- 
ual flow paths. The manipulator arm 7 controls the most 
critical axes of freedom of the connector 4 and the ma- 
nipulator 7 and the hoses 2 absorts the differential move- . 
ments of the receiving vessel 5 and the ami 1/tower 3 
structure, caused by motion of the receiving vessel 5 
with the waves. The reader will realise that various mod- 
ifications and variations to the specific embodiments de- 
scribed are also possible without departing from the 
scope of the claims. 



Claims 

1. Apparatus for connecting fluid f lowlines to a floating 
vessel, comprising a floating transfer structure sup- 
porting a plurality of fluid pipelines, a plurality of flex- 
ible fluid conduits, each with a proximal end at- 
tached to the transfer stmcture in fluid communica- 
tion with the pipelines and a distal end attached to 

- a common connector for releasably engaging with 
the floating vessel, the connector having a longitu- 
dinal axis which is substantially vertical in use, and 
wherein the connector is secured to a manipulator 
means mounted on the transfer structure, the ma- 
nipulator means configured to allow the connector 
to rotate and to translate In two mutually perpendic- 
ular planes. 

2. Apparatus as claimed In claim 1 , wherein the ma- 
nipulator means comprises a support tower extend- 
ing upwardly from floating transfer structure, an amri 
projecting laterally from the tower, and a suspen- 
sion member attached to the distal end of the anm 
and to which the connector is mounted. 

3. Apparatus as claimed in claim 2, wherein in use the 



ami is rotatable relative to the tower about a sub- 
stantially vertical axis and is extendable and retract- 
able in a substantially horizontal plane. 

s 4. Apparatus as claimed In claim 2 or claim 3, wherein 
the suspension member, or part thereof, Is extend- 
ible and retractable and rotatable about its longitu- 
dinal axis. 

10 5. Apparatus as claimed In any of claims 2-4, wherein 
the suspension member is Joined to the ami by a 
Joint allowing rotation about two mutually perpen- 
dicular axes. 

IS 6. Apparatus as claimed In any of claims 2-5, wherein 
the connector is joined to the suspension member 
by a joint allowing rotation about two mutually per- 
pendicular axes. 

20 7. Apparatus as claimed in any of claims 2-6, wherein 
the connector is rotatable about its longitudinal axis 
relative to the suspension member by means incor- 
porated in the connector. 

23 8. Apparatus as claimed in any preceding claim, 
wherein the connector comprises a coupling device 
suspended therefrom by a winch mechanism oper- 
able to lower to the coupling device into engage- 
ment with the vessel and subsequently to pull the 

30 connector into engagement with the vessel. 

9. Apparatus as claimed In any preceding claim, 
wherein the connector comprises an aperture ex- 
tending transversely therethrough and slideably re- 
35 ceiving rigid end pieces attached to the distal ends 
of the flexible fluid conduits, wherein the end pieces 
are releasably connectable to the vessel to allow 
fluid flow from the flexible conduits to the vessel. 

40 10. Apparatus as claimed In claim 9, wherein the rigid 
end pieces i nclude valve means to shut off fluid flow. 

11. Apparatus substantially as hereinbefore described 
and with reference to the accompanying drawings. 

45 
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